Purpose: To assess the efficacy and safety of S-8117, an oral, controlled-release formulation of oxycodone hydrochloride, in Japanese patients with chronic non-cancer pain (CNCP). Patients and methods: In this multicenter, non-randomized, open-label, 2-part (part 1, dosetitration followed by maintenance period; part 2, long-term administration period) study at 38 centers in Japan (2013)(2014)(2015), adult patients with CNCP for ≥12 weeks were administered S-8117. The primary endpoint was proportion of patients with successful maintenance of pain control in part 1 and long-term safety in part 2. Secondary endpoints included time to inadequate analgesia, rate of transition to the maintenance period, and discontinuation due to inadequate analgesia/ adverse events (AEs), Brief Pain Inventory (BPI) pain severity, BPI pain interference, 36-item Short Form Health Survey (SF-36) score, and Western Ontario and McMaster Universities (WOMAC) index, Subjective Opioid Withdrawal Scale (SOWS), Clinical Opioid Withdrawal Scale (COWS), Dependency-2-A (D-2-A), and Dependency-2-B (D-2-B) questionnaires.
Introduction
Chronic pain is reportedly prevalent in Japan as well as Western countries such as the United States (US) and Canada. [1] [2] [3] Recent studies in Japan have suggested that chronic pain is not only associated with a worsening of a patient's quality of life (QOL) but also leads to economic loss due to a decrease in work productivity. [4] [5] [6] The goal of chronic pain management is to improve QOL and activities of daily living; opioids are one of the treatment options available to achieve these outcomes. 7 Although opioids are indicated for the management of chronic non-cancer pain (CNCP) due to their potent analgesic effect, they are not recommended as primary or preferred treatment options since their use could lead to overdosing, abuse, or misuse among patients. [7] [8] [9] Moreover, opioids are associated with a high risk of adverse drug reactions such as nausea, constipation, somnolence, and respiratory depression. 10 In Japan, strong opioids that are indicated for CNCP are currently limited to morphine (oral rapid-release formulation and injection) and fentanyl patches. 7 The Narcotics and Psychotropics Control Act of Japan stipulates that most opioids, designated as narcotics, must be prescribed solely by doctors with opioid prescription license and that records for the transfer of opioids should be maintained throughout the entire distribution process, 11 thereby ensuring that the opioid management system is more tightly regulated than in Western countries. Moreover, evidence suggests that physicians in Japan are more cautious about the use of medical narcotics and less enthusiastic about prescribing them compared to those in the US. 12 This is likely the reason for the extremely low rate of overdose-related admissions reported in Japan from October 2012 through September 2013 13 compared with overdose-related emergency admissions in the US. 14 However, strict control and avoidance of opioid use could potentially limit options for management of patients with chronic pain in Japan.
S-8117 (OxyContin ® tablets, Purdue Pharma LP, Stamford, CT, USA) is an oral, controlled-release (CR) formulation containing oxycodone hydrochloride as an active ingredient. 15 Oxycodone offers similar levels of analgesic efficacy to morphine, 16 and its active metabolite is less likely to accumulate in the body than active morphine metabolites in patients with impaired renal function. 17 Worldwide, S-8117 is one of the most commonly used strong opioids for the treatment of moderate-to-severe pain. In Japan, it is also the most commonly prescribed strong opioid for the treatment of cancer pain. Previous studies have demonstrated the analgesic effects of CR oxycodone hydrochloride tablets for various types of moderateto-severe pain. [18] [19] [20] [21] However, as with other strong opioids, the use of oxycodone hydrochloride tablets was associated with dependence or abuse in the US. 22, 23 In order to avoid abuse of oxycodone, OxyContin ® tablets have been reformulated in an abuse-deterrent formulation 24 that became available in the US in 2010 and in Japan in 2017. Nevertheless, in Japan, oxycodone formulations (both abuse-deterrent and non-abuse-deterrent) are not indicated for CNCP 7 and their safety and efficacy has not yet been established in patients with CNCP.
We have previously reported results from a placebocontrolled, enriched enrollment, randomized, withdrawal study and its open-label extension that assessed the efficacy and safety of S-8117, a conventional, non-abusedeterrent oxycodone formulation, in Japanese patients with chronic low back pain (CLBP). 25 The enriched enrollment, randomized, withdrawal study demonstrated the short-term efficacy versus placebo of S-8117 in the management of Japanese patients with moderate-to-severe CLBP. Furthermore, in the extension study, S-8117 was well tolerated for approximately 1 year of continuous administration. However, the safety and efficacy of S-8117 in Japanese patients suffering from CNCP due to other underlying conditions have not been investigated. Consequently, the purpose of this phase 3 study was to confirm the efficacy and safety of S-8117 in patients with CNCP due to various other underlying conditions. We selected osteoarthritis (OA), diabetic neuropathic pain (DNP), and post-herpetic neuralgia (PHN) as the most common CNCP conditions and also included patients with other CNCP conditions. Due to safety concerns related to opioid use, the target patient population was limited to those patients who required treatment with S-8117 under routine clinical practice. Therefore, patients who continued to experience pain despite treatment with non-opioid or weak opioid analgesics and those receiving treatment with strong opioids were included in this study.
This study aimed to assess the efficacy and safety of oxycodone in patients with moderate-to-severe CNCP as a whole but did not aim to compare its efficacy or safety across underlying pain conditions such as OA, DNP, and PHN.
Materials And Methods

Study Design
This was a phase 3, multicenter, non-randomized, openlabel study conducted from May 2013 to June 2015 at 38 centers in Japan. Patients were followed for 8 to 57 weeks or until discontinuation. The study consisted of two parts ( Figure 1 ). In part 1, all enrolled patients entered the dosetitration period (14-28 days; maximum 32 days) followed by a 35-day maintenance period if they met the transition criteria on or after day 15. In order to transition to the maintenance period, the prescribed dose of S-8117 should have remained the same for 7 days before the evaluation day, and the following criteria were required to be met for 3 days prior to the evaluation day: Brief Pain Inventory (BPI) 24 hr average pain severity score of ≤3, or improvement by 30% or greater from baseline; no additions or changes in the administration and/or dosage of non-opioid analgesics (excluding treatment for adverse events [AEs] such as fever) and adjuvant analgesics (except dose reduction); and that AEs were well tolerated.
Patients who completed part 1 of the study and were willing to continue transitioned to part 2 of the study comprising a 46-week long-term administration period. All patients including those who completed the long-term administration period or discontinued the study after part 1 or were not willing to continue or did not receive treatment with other opioid analgesics after discontinuation entered a 7-day dose-tapering period followed by a 7-day post-treatment observation period. The dose-tapering period could be extended to 14 days, based on investigator discretion ( Figure 1 ).
This study is registered with the Japan Pharmaceutical Information Center Clinical Trials Information (JapicCTI) registry (JapicCTI-132081).
Rationale For The Study Design
The open-label design was chosen to mimic clinical settings to evaluate the efficacy and long-term safety of S-8117 in Japanese patients with CNCP due to various underlying conditions. A dose-titration period was included to individualize the optimal dose of S-8117 and confirm tolerability to the drug for efficacy evaluation. According to neurological treatment guidance for chronic pain, 26 maintenance of the analgesic effect of a drug should be evaluated after 3 to 4 weeks of dose maintenance period following a gradual dose increase to a maximum; a 28-day maintenance period was considered appropriate for this study. However, in the previously reported double-blind study in patients with CLBP, 25 an additional 7 days were included for both S-8117 and placebo groups to avoid any withdrawal symptoms. Therefore, the maintenance period was set at 35 days in alignment with that study.
Patient Criteria
Adult patients aged 20 to <80 years, with chronic pain for ≥12 weeks associated with OA, DNP, PHN, or other CNCP conditions, who could provide written informed consent, were included in the study. Other key inclusion criteria were (i) a BPI 27 24 hr average pain severity score of ≥4 despite treatment with non-opioid analgesics (oral/patch/suppository) including adjuvant analgesics, oral tramadol, oral codeine (dose ≤800 mg/day), or buprenorphine patch for ≥14 days, and (ii) treatment with morphine (dose ≤120 mg/day) or fentanyl patch (dose release ≤100 µg/hour) for ≥14 days irrespective of any Patients who completed the long-term administration period or did not receive treatment with other opioid analgesics after discontinuation. (C) Patients who did not transition to part 2 after the maintenance period or did not receive treatment with other opioid analgesics after discontinuation.
BPI pain severity score. Patients with psychogenic pain as the primary cause of CNCP (based on investigator discretion); patients diagnosed with and receiving treatment for psychiatric disorders (eg, depression and schizophrenia); patients with a Brief Scale for Psychiatric Problems in Orthopaedic Patients (BS-POP) 28 score of ≥11; patients with a past history of drug abuse/drug dependence/alcohol dependence or confirmed/suspected abuse or dependence; or patients positive for phencyclidine, cocaine, stimulants, or cannabis in urinary drug testing, and confirmed by the investigator, were excluded from the study.
Study Drug Administration
The starting dose of S-8117 was 5 mg/single dose in patients who were previously not using any opioid analgesics. In patients who were previously using opioid analgesics, the S-8117 dose was selected according to the dose of the previous analgesic, and half of the selected dose was orally administered twice daily. In the dose-titration period, a dose increase in the order of 5 mg, 10 mg, 20 mg, 30 mg, and 40 mg (10 mg increment for a single dose >40 mg) was permitted if the BPI 24 hr average pain severity score did not improve to ≤3, or by ≥30% from baseline. In the maintenance period, patients continued with the dose that was being administered at the end of the dose-titration period. Worsening of pain was considered as inadequate analgesia and the dose was increased accordingly. Dose reductions were based on the discretion of the investigator in the event of the onset of non-tolerable AEs, which may or may not be related to a dose increase. In the long-term administration period, patients continued with the dose that was being administered at the end of the maintenance phase in part 1. A dose increase (5 mg per single dose) or reduction was permitted in case of worsening of pain and onset of AEs, respectively.
In any study period, a dose increase by 10 mg each time and by 20 mg each time for a single dose of ≥10 mg and ≥20 mg, respectively, was permitted depending on symptoms. However, a dose increase was not permitted within 3 days from the start of drug administration or within 3 days following the previous dose increase or if <6 doses were administered. Dose reduction was permitted based on the discretion of the investigator.
Study Assessments Efficacy Assessment
In part 1 of the study, the primary efficacy endpoint was the proportion of patients with successful maintenance of pain control, assessed by the proportion of patients without inadequate analgesia. Patients were assessed to have inadequate analgesia with S-8117 during the maintenance period if they met one of the following criteria: (i) worsened pain due to their underlying condition that resulted in a dose increase, a change in the analgesic (or a dose reduction or discontinuation), or addition of another analgesic (including rescue treatment that excluded treatment for ≤3 consecutive days for AEs, such as fever) or (ii) BPI 24 hr average pain severity score did not improve to ≤3, or improvement was not ≥30% for 3 consecutive days from the time of enrollment. The secondary efficacy endpoints in part 1 and 2 of the study included the time to inadequate analgesia during the maintenance period, rate of transition to the maintenance period, and the proportion of patients who discontinued due to inadequate analgesia or AEs, BPI pain severity, BPI pain interference, 36-item Short Form Health Survey (SF-36) score, 29 
Safety Assessment
In part 2 of the study, the primary endpoint was the longterm safety of S-8117, assessed by the incidence of treatment-emergent AEs (TEAEs) and serious TEAEs. The incidence of TEAEs and serious TEAEs was also assessed in part 1 of the study as a secondary endpoint. Other secondary safety endpoints in parts 1 and 2 of the study, in patients who did not receive treatment with other opioid analgesics after study discontinuation or after completing the maintenance or long-term administration periods, were presence/absence of withdrawal symptoms, assessed using the Subjective Opioid Withdrawal Scale (SOWS) 31 and the Clinical Opioid Withdrawal Scale (COWS) 32 and drug dependency assessed by the Dependency-2-A (D-2-A) and Dependency-2-B (D-2-B) questionnaires. 33 
Assessment Measures And Schedule
BPI pain severity items (worst, least, average, and current pain) in the previous 24 hrs were rated on a scale of 0 (no pain) to 10 (pain as bad as one can imagine) and documented in a paper-based diary by patients daily before the morning dose and were confirmed and recorded by the investigator at each study visit (visits 1-10 in part 1; visits 11-33 in part 2). BPI pain interference items (general activity, mood, walking ability, normal work, relationship with others, sleep, and enjoyment of life) were rated on a scale of 0 (does not interfere) to 10 (completely interferes) at each visit (visits 1-10 in part 1; visits 11-33 in part 2), and confirmed and recorded by the investigator. BPI pain severity and BPI pain interference items were also recorded at the end of the dose-tapering period for patients not transitioning to the long-term administration period and for those who did not undergo treatment with other opioid analgesics after the long-term administration period. SF-36 score was evaluated based on patients' answers to 36 questions categorized into eight health subscales: physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, and mental health, confirmed by the investigator and recorded on visits 1, 5 (or when the patient met the transition criteria for the maintenance period), and 10 in part 1 and on visits 22 and 33 in part 2 of the study. The WOMAC score was evaluated based on patients' answers to 24 questions structured in three sections of pain, stiffness, and physical function on visits 1, 5 (or when the patient met the transition criteria for maintenance period), and 10 in part 1 and on visits 16, 22, 28, and 33 in part 2 of the study. In addition, all scores were recorded at the time of discontinuation.
Safety was assessed at each visit from visit 1 onwards to the end of the post-treatment observation period. Patients rated their feelings every day on a 5-level (0 [not at all] to 4 [strongly]) SOWS starting from visit 10 (or discontinuation) in part 1 and visit 33 (discontinuation) in part 2 of the study until the end of post-treatment observation period. Investigators rated 11 symptoms (resting pulse rate, sweating, restlessness, pupil size, bone/joint pain, runny nose/tearing, gastrointestinal upset, tremors, yawning, anxiety/irritability, gooseflesh) on the 3-to 5-level COWS on visit 10 (or discontinuation) in part 1 and visit 33 ( (Table S1 ). All patient-rated assessments were confirmed by the investigator.
Statistical Analysis
The target sample size was 130 patients with chronic pain, including 30 patients with OA, 10 patients with DNP, and 10 patients with PHN. Approximately 90 patients were targeted to transition to the maintenance phase, taking into consideration a dropout rate of approximately 30% at the time of transition. The full analysis set (FAS) comprised patients who received at least one dose of S-8117 and had BPI pain severity data assessed at baseline and on at least one visit after the start of treatment. FAS-2 comprised patients who transitioned to the maintenance period, received at least one dose of S-8117, and had BPI pain severity data assessed on at least one visit in the maintenance period.
AEs were coded using the Medical Dictionary for Regulatory Activities version 18.0 and summarized by system organ class and preferred term.
The Clopper-Pearson method was used to estimate the 95% confidence interval (CI) for the primary endpoint (proportion of patients with successful maintenance of pain control), proportion of patients with transition to the maintenance period, and proportion of patients who discontinued due to inadequate analgesia or AEs. The two-sided 95% CI for the proportion of patients without inadequate analgesia during the maintenance period was estimated using the Kaplan-Meier (KM) method. As this was an open-label study, no statistical comparison was performed. All statistical analyses were performed using SAS software version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
Patient Disposition
A total of 130 patients were enrolled in the study (Figure 2 ). This included 56, 11, 28, and 35 patients with OA, DNP, PHN, and other CNCP conditions (complex regional pain syndrome, n=9, prolonged postoperative pain, n=3; post-thoracotomy pain syndrome, n=2; rest of the conditions in 1 patient each, n=21), respectively. The FAS and safety analysis set included all 130 patients, while the FAS-2 included 95 patients. All 130 patients entered the dose-titration period; of these, 35 discontinued, with the most common reason being AEs in 15 patients. Of the 95 patients who transitioned to the maintenance period, 92 completed, with 3 patients discontinuing due to patient's request, AEs, and inadequate analgesia. Overall, 83 patients transitioned to, and 60 patients completed, the long-term administration period. The most common reason for discontinuation during this period was AEs in 13 patients ( Figure 2 ).
Baseline Demographics And Characteristics
Overall, 56.2% of the enrolled patients were aged 65 to <80 years (mean±standard deviation [SD] age, 63.6±11.3 years) and 62.3% were women. The majority (98.5%) of patients were treated in outpatient settings. The most commonly used prior opioid analgesic was tramadol (51.5%).
However, the majority (81.8%, n=9) of patients with DNP (n=11) were not taking any opioid analgesics prior to enrollment (Table 1 ). Figure 3 ) and BPI pain interference for seven daily activities decreased numerically from baseline to the end of the dose-titration period and at the last observation of the maintenance and long-term administration periods, suggesting a decrease in pain severity and interference of pain with daily activities after treatment with S-8117 ( Table 3) . As compared to the end of the dose-titration period, the mean scores for the four BPI pain severity items and BPI pain interference for seven daily activities numerically decreased at the end of the maintenance period, suggesting that pain severity and interference of pain with daily activities further decreased during the maintenance period ( Table 3) . The scores for all eight domains of SF-36 numerically increased from baseline at the end of the dose-titration period and last observation of the maintenance and long-term administration periods (Table 3) suggesting improvement in QOL. The overall WOMAC OA index score and that for all the three domains numerically decreased from baseline to the end of the dose-titration period and last observation of the maintenance and long-term administration periods suggesting decrease in pain, stiffness, and improvement in physical function in patients with OA (Table 3 ).
Safety
The majority (93.8%) of patients reported TEAEs, with the incidence of TEAEs comparable across CNCP conditions (90.9-96.4%; Table 4 ). Overall, 14 serious TEAEs were reported in 12 patients (9.2%). The most commonly reported TEAEs were constipation (49.2%), nausea (42.3%), nasopharyngitis (34.6%), and somnolence (32.3%; Table 5 ). During the dose titration, maintenance, and long-term administration period, 76.9% (100/130), 52.6% (50/95), and 91.6% (76/83) of patients reported TEAEs, respectively. The most commonly reported TEAEs were constipation (33.8%), nausea (33.8%), somnolence (23.8%), and vomiting (11.5%) in 
Withdrawal Symptoms And Drug Dependency
In the dose-tapering and post-treatment observation periods, the mean±SD change in COWS in part 1 was -0.5±2.0 and -0.7±1.3 and in part 2 was 0.5±2.1 and 0.1±0.7, respectively. Similarly, in the dose-tapering and post-treatment 
Treatment Exposure
The mean±SD daily S-8117 dose at the end of the dosetitration, maintenance, and long-term administration periods was 34.9±22.0, 33.12±21.98, and 36.44±24.11 mg, respectively. The mean daily dose was higher in patients with other chronic pain conditions (44.9-54.35 mg) compared to those with OA, DNP, or PHN (22.21-32.46 mg) at the end of the dose-titration, maintenance, and longterm administration periods.
Discussion
In this phase 3 study, we assessed the efficacy and safety of S-8117 in Japanese patients with various underlying conditions of CNCP including OA, DNP, PHN, and other CNCP conditions. During the maintenance period, the proportion of patients with successful maintenance of analgesic effect was 78.9% suggesting effective pain control with S-8117. The BPI, SF-36, and WOMAC OA index scores over the study periods demonstrated pain relief and improvement in QOL and daily physical functioning among patients with CNCP after treatment with S-8117.
In our previous study, 21.0% of Japanese patients with CLBP (21.0%) showed inadequate analgesia with S-8117, 25 which is similar to the discontinuation rate due to inadequate analgesia or AEs in the current study (21.1%). These results indicate similar analgesic effect of S-8117 in Japanese patients with CNCP due to CLBP, OA, DNP, PHN, and other CNCP conditions. The current study results were also consistent with previous studies outside of Japan in which patients with various CNCP conditions [18] [19] [20] [21] achieved pain relief with CR oxycodone tablets. In our study, treatment with S-8117 was also associated with an improvement in QOL and daily physical functioning in patients with CNCP, which is in line with results from a previous randomized, controlled, clinical study of CR oxycodone tablets in non-Japanese OA patients. 34 During the entire study period, the most commonly reported TEAEs were constipation (49.2%), nausea (42.3%), nasopharyngitis (34.6%), and somnolence (32.3%), with gastrointestinal disorders being the most common TEAEs in both the dose-titration and long-term administration periods. Moreover, treatment with S-8117 did not lead to clinically significant withdrawal syndrome or drug dependence in Japanese patients with CNCP in the current study, which is consistent with that observed in our previous study in Japanese CLBP patients. 25 This suggests that careful patient monitoring could potentially prevent withdrawal syndrome and drug dependence in patients receiving S-8117. No new safety concerns were observed. These safety results are consistent with those from the concurrently performed study in patients with CLBP 25 and previous overseas studies. 18, 21, [35] [36] [37] In the current study, patients with a history of drug dependency and patients whose major cause of pain was associated with psychosocial factors (BS-POP score of ≥11) were excluded based on pre-dose risk assessments for drug dependency. The BS-POP was developed by Japanese researchers as a tool to assess the association of psychosocial factors with pain in a convenient manner. 28 As past or current substance abuse and untreated psychiatric disorders are typical risk factors for opioid dependency, 38 exclusion of such patients at baseline may have contributed to the absence of drug dependency in the enrolled population.
It should also be noted that the currently available opioid dependency measures in Japan, including the D-2-A and D-2-B questionnaires used in this study, are not validated. Historically, in Japan, it has been difficult to develop evaluation tools for drug dependency as the incidence of opioid dependency or abuse is extremely low in Japan compared with Western countries, owing to the tightly regulated opioid management system. In the current study, we adopted the D-2-A and D-2-B questionnaires as they had been used in several previous clinical trials in Japan to assess drug dependency. 33 Although the efficacy of CR oxycodone tablets has been previously demonstrated in patients with CNCP due to various causes, [18] [19] [20] [21] the potential risk of abuse, overdose, or misuse among opioid users is a cause of concern when prescribing strong opioids for CNCP management. 7, 8, 39 Moreover, opioid-induced AEs (eg, constipation, nausea, and vomiting) can also lead to treatment discontinuation, increased treatment costs, and additional healthcare burden. 40, 41 In our study, nearly half of the patients experienced constipation or nausea as TEAEs during the study, and approximately 20% of the patients discontinued treatment due to AEs. Thus, appropriate management of AEs is warranted in patients with CNCP who are prescribed oxycodone in routine clinical practice as in the case of other opioids.
We enrolled patients aged ≥20 to <80 years in this study to include all the age groups in which oxycodone may be used for the management of CNCP. Concerns associated with opioid use vary with age. For example, decreased drug metabolism and excretion in the elderly generally lead to drug accumulation in the body. 42 For young adults, it is widely acknowledged that they are prone to various opioid-associated risks such as drug dependency. 43 In addition, results from a recent observational study in Japan implied that the cumulative incidence of opioid-induced constipation in patients with cancer pain was numerically higher in those with lower age (77% in patients aged ≥40 to <50 years vs. 49% in patients aged ≥75 years), although the results were not statistically significant. 44 The results of our single trial may not be sufficient to establish the efficacy and safety of oxycodone in different age groups, and further research is needed.
Our study has several limitations: (i) the efficacy and safety of S-8117 were assessed in a controlled patient population so the results may not be extrapolatable to daily clinical practice; (ii) a 1-year follow-up period may be insufficient to assess possible drug dependence associated with long-term use of S-8117; and (iii) patients were assessed for drug dependence in a clinical trial setting that involved meticulous patient selection and continuous monitoring; thus, results cannot be generalized to realworld settings. Therefore, careful patient selection and vigilant monitoring remain crucial to maximize the benefit of S-8117.
Conclusion
This is one of the first studies to demonstrate the analgesic effect of S-8117 and confirm its tolerability during longterm administration in Japanese patients with CNCP. The study results suggest that S-8117 is a potential treatment option in Japanese patients with CNCP. 
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